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ABSTRACT A vertical 2-D numerical model verified by the experimental results 
was used to analyze the local eddies and moving behavior of the head of saline 
density currents. Large Eddy simulation (LES), and the relation between the Schmidt 
number (Sc) and local Richardson number (Ri) calculated by the local flow field were 
used to calculate the eddy viscosity and eddy diffusion. Based on the fixed coordinate 
to observe the local flow field around the head of the density current, there were two 
eddies above the head and under the nose, respectively, diluting the concentration of 
the head. This phenomenon was difficult to measure and observe by experiments. 
When the moving coordinate moved with the velocity of the nose of the head to 
observe the head, there was a close circular eddy in the head and the size of the close 
circular eddy was the same as the size of the head. This means the size of the head 
depends on the close circular eddy in the head. 
Key Words: Saline density current, Head, Local close circular eddy, Moving 
coordinate. 
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重流頭端的運動特性（ Liu et al., 1991(a)(b); 
Hallworth et al., 1993 ），而 lock-exchange 
problem 為其中一種代表性的研究方法（Rottman et 



















Simpson, 1978; Simpson and Britter, 1979; 
Simpson and Britter, 1980; Simpson, 1982; 
Garcia and Parsons, 1996）。定床部分，則是以定
水頭或是穩定入流的方式使高密度流體流入渠槽內形
成異重流進行觀察（Simpson, 1972; Anwar, 1980; 
Britter and Linden, 1978; Kranenburg, 1993; 
Nakos, 1994; Alahyari and Longmire, 1996; 
Altinakar et al., 1996; van Kessel and 
Kranenburg, 1996; Fukushima, 1998）。 











Simpson and Britter（1979）與 Härtel（2000）
皆指出異重流頭端之雷諾數（Re）愈大時，其鼻端高
度與頭端高度之比值（h5/（h3+h4)）愈小，但雷諾數
超過 1000 後，其變化趨勢即減緩（如圖 1 所示）。






減少，如圖 2 所示。 
Ying et al.（1999）以大渦模擬（LES）模擬異
重流頭端於斜坡之運動行為，提出異重流頭端的無因
次傳播速度（dimensionless front propagation 





































Fig.1 Relation between Reynolds number (Re) and 
the ratio of the height of node and head of 
















圖 2  異重流福祿數（Fr=U1/(g’h4)1/2）與相對水深
（h4/h1）的關係  
Fig.2 Relation between Froude number (Fr) and 




















由鹽水儲備槽抽到上方的定水頭箱（圖 3 中之 4），
以固定水頭差的方式將鹽水導入渠槽中，並由鹽水流
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表 1 試驗入流條件 
Table 1 Experimental conditions of all cases 
入流濃度(g/L) 
入流流量(cm2/s) 
11.17 17.17 23.55 30.61 59.26 113.84 229.52 
2 7.29 7.26 7.24 7.21 7.10 6.88 6.42 
4 14.71 14.66 14.60 14.54 14.31 13.85 12.89 
6 20.01 19.94 19.87 19.80 19.48 — — 
8 27.52 27.44 27.35 27.26 26.88 26.15 24.61 
10 33.64 33.54 33.42 33.30 32.81 — — 





圖 3 試驗配置示意圖 


























Qi = -0.0059Ci + 11.88   R
2 = 0.9316
Qi = -0.0052Ci + 10.15   R
2 = 0.9662
Qi = -0.004Ci + 8.30   R
2 = 0.9845
Qi = -0.0033Ci + 6.04   R
2 = 0.9797
Qi = -0.0025Ci + 4.44   R
2 = 0.9597
Qi = -0.0012Ci + 2.20   R
2 = 0.9488
 
圖 4 鹽水流量計讀數與實際鹽水入流量迴歸關係圖 
Fig.4 Relation between the graduation of flow meter and real inflow discharge
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1. 大渦流模式（ Large eddy simulation, 
LES） 
其中： ji,υ 為紊流黏滯係數[L2/T]；下標 i 與 j 分
別為水平方向與垂直方向；Cs為次網格模擬係數[無因
次 ]； yxs ΔΔ=∇ 為能直接計算的最小渦流尺寸
[L]， xΔ 與 yΔ 分別為水平方向與垂直方向的網格間距





















垂 直 方 向 紊 流 黏 滯 係 數 的 21 倍 ， 即
ji,yji,x )(3.0
25.6)( υυ = 。故本研究將(1)式計算所得之紊
流黏滯係數依 21：1 的比例分成水平與垂直兩方向的
紊流黏滯係數。 
ji,ji,x υυ ⋅= 99886.0)(  (2) 
ji,ji,y υυ ⋅= 047565.0)(  (3) 
其中： ji,x )(υ 為水平方向的紊流黏滯係數 [L2/T]；
ji,y )(υ 為垂直方向的紊流黏滯係數[L2/T]。 
2. 動量與質量傳輸類比關係—許密士數








係會隨流場而改變，不應為定值。故採用 Chu and 
Soong（1997） 所提出紊流流場中各點水平方向之
Sc 應 接 近 1.0 （ 即 動 量 與 質 量 傳 輸 一 致 ，
ji,xji,x E )()( =υ ），但垂直方向因密度差異所造成的影響
會使垂直方向的 ji,cS )( 與流場中各點的局部理查生數
ji,iR )( 有關，由流場的各局部點之密度與流速變化計算















ρ  (4) 





S  (5) 
其中： ji,iR )( 為各點的局部理查生數[無因次]；ρ 為流
體密度[M/L3]；g 為重力加速度[L/T2]； jiyE ,)( 為各
點局部之紊流擴散係數[L2/T]；( ) ji,cS 為流體中各點之




























































































































































































































































ρΔ=′  yw gρ





u* 、 v* 、 c* 及 P* 四 個 參 數 。 於 時 間 上 ， 採
Adams-Bashforth 法進行計算。於空間上，採用 MAC







如圖 6 所示。 
4. 數值模式驗證 
(1) 異重流頭端濃度分佈與頭端形狀比較 





















圖 5 MAC交錯網格示意圖 
Fig.5 Diagram of all parameters set on MAC staggered grid (not to scale) 
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圖 6 數值模擬邊界條件 
Fig.6 Boundary conditions of numerical model 
 
   
(a) Qin=2.18 L/min (b) Qin=5.98 L/min (c) Qin=11.78 L/min 
圖 7 入流鹽水濃度 17.17 g/L不同入流流量之試驗與數值頭端比較（距入口 85cm處） 
Fig.7 Comparison of the shape of density current head at x=85cm between numerical and experimental 
results by different inflow discharge (Cin=17.17 g/L) 
 
   
(a) Qin=2.16 L/min (b) Qin=5.94 L/min (c) Qin=11.7 L/min 
圖 8 入流鹽水濃度 30.61 g/L不同入流流量之試驗與數值頭端比較（距入口 85cm處） 
Fig.8 Comparison of the shape of density current head at x=85cm between numerical and experimental 









表 2 試驗與數值模擬頭端平均移動速度比較表 
Table 2 Comparison of the average moving velocity of the density-current head between experimental 









7.29 3.67 3.81 -3.6 
14.71 4.77 4.90 -2.8 
20.01 5.26 5.51 -4.5 
27.52 5.72 5.94 -3.8 
33.64 6.04 6.27 -3.6 
11.17 
39.39 6.79 6.98 -2.6 
7.26 4.30 4.37 -1.5 
14.66 5.66 5.89 -3.8 
19.94 6.30 6.46 -2.4 
27.44 6.73 6.99 -3.7 
33.54 7.17 7.45 -3.8 
17.17 
39.27 8.44 8.39 0.6 
7.24 4.78 4.81 -0.5 
14.6 6.30 6.43 -2.0 
19.87 7.01 7.16 -2.1 
27.35 7.59 7.89 -3.9 
33.42 8.06 8.36 -3.6 
23.81 
39.15 9.25 9.10 1.7 
7.21 5.05 5.08 -0.6 
14.54 6.82 6.89 -0.9 
19.8 7.59 7.94 -4.4 
27.26 8.54 8.37 2.0 
33.3 8.71 9.14 -4.7 
30.64 
39.02 10.21 9.91 3.0 
7.1 5.88 6.16 -4.4 
14.31 8.46 8.25 2.6 
19.48 9.81 9.44 4.0 
26.88 11.04 10.58 4.3 
32.81 11.61 11.53 0.7 
59.26 
38.47 12.13 12.08 0.4 
6.88 7.09 7.07 0.3 
13.85 10.22 10.02 1.9 
26.15 13.42 13.04 2.9 
113.84 
37.44 15.08 14.75 2.2 
6.42 8.17 8.05 1.4 
12.89 12.13 11.85 2.4 
24.61 15.92 15.49 2.7 
229.52 
35.24 18.35 18.60 -1.3 







































圖 9 不同入流流量與濃度所模擬之鹽水異重流頭端平均速度與試驗之比較 
Fig.9 Comparison of the velocity of density current head between numerical and experimental results by 








異重流中）。圖 10～圖 12 分別為入流鹽水濃度
17.17g/L 與 30.61g/L 於不同入流量下於渠槽
25cm、85cm 與 170cm 三個位置之數值模擬頭端濃
度分佈圖。 















由於圖 2 之文獻鹽水密度介於 10g/L～45g/L 之






















   
(a) x = 25 cm (b) x = 85 cm (c) x = 170 cm 
圖 10 Cin=17.17 g/L，Qin=2.18 L/min之異重流頭端數值濃度分佈 
Fig.10 Concentration distribution of density current head（Cin=17.17 g/L，Qin=2.18 L/min) 
 
   
(a) x = 25 cm (b) x = 85 cm (c) x = 170 cm 
圖 11 Cin=17.17 g/L，Qin=11.78 L/min之異重流頭端數值濃度分佈 
Fig.11 Concentration distribution of density current head（Cin=17.17 g/L，Qin=11.78 L/min） 
 
   
(a) x = 25 cm (b) x = 85 cm (c) x = 170 cm 
圖 12 Cin=30.61 g/L，Qin=5.94 L/min之異重流頭端數值濃度分佈 
















Simpson & Britter, 1978
試驗 Cin= 17.17 g/L
試驗 Cin= 30.61 g/L
數值 Cin= 17.17 g/L
數值 Cin= 30.61 g/L
 
圖 13 福祿數（Fr）與相對水深（h4/h1）之關係 
Fig.13 Relation between Froude number (Fr) and opposite depth(h4/h1)






















性。若將圖 15～圖 17 之全域流場流速扣除異重流鼻
端水平方向前進速度可得圖 18～圖 20 的流線圖（圖
中黑色線為以移動座標之速度向量繪製之流線）。將






































圖 14 本研究試驗與數值所得之結果與文獻比較圖 
Fig.14 Comparison between previous studies and the experimental and numerical results of this study 
 
 
   
(a) x = 25 cm (b) x = 85 cm (c) x = 170 cm 
圖 15 Cin=17.17 g/L，Qin=2.18 L/min之異重流頭端流速向量圖 
Fig.15 Distribution of velocity vector around the density current head (Cin=17.17 g/L，Qin=2.18 L/min) 
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(a) x = 25 cm (b) x = 85 cm (c) x = 170 cm 
 
圖 16 Cin=17.17 g/L，Qin=11.78 L/min之異重流頭端流速向量圖 
Fig.16 Distribution of velocity vector around the density current head (Cin=17.17 g/L，Qin=11.78 L/min) 
 
   
(a) x = 25 cm (b) x = 85 cm (c) x = 170 cm 
 
圖 17 Cin=30.61 g/L，Qin=5.94 L/min之異重流頭端流速向量圖 
Fig.17 Distribution of velocity vector around the density current head (Cin=30.61 g/L，Qin=5.94 L/min) 
 
   
(a) x = 25 cm (b) x = 85 cm (c) x = 170 cm 
 
圖 18 Cin=17.17 g/L，Qin=2.18 L/min之異重流頭端於移動座標之流線與濃度分佈 
Fig.18 Distribution of stream line and concentration around density current head based on moving 
coordinate (Cin=17.17 g/L，Qin=2.18 L/min) 
 
   
(a) x = 25 cm (b) x = 85 cm (c) x = 170 cm 
 
圖 19 Cin=17.17 g/L，Qin=11.78 L/min之異重流頭端於移動座標之流線與濃度分佈 
Fig.19 Distribution of stream line and concentration around density current head based on moving 
coordinate (Cin=17.17 g/L，Qin=11.78 L/min)
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(a) x = 25 cm (b) x = 85 cm (c) x = 170 cm 
 
圖 20 Cin=30.61 g/L，Qin=5.94 L/min之異重流頭端於移動座標之流線與濃度分佈 
Fig.20 Distribution of stream line and concentration around density current head based on moving 
coordinate (Cin=30.61 g/L，Qin=5.94 L/min) 
 
 
六、結  論 
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